Selective catalytic reduction of nitrogen oxide with ammonia in the presence of excessive oxygen was investigated on transition metal oxides' catalysts (V, Cr, Mn, Fe) supported on HZSM-5. Meanwhile, catalyst V/ZSM-5 and Fe/ZSM-5 have shown the most activity and the conversion percentage of nitrogen oxides to nitrogen is more than 97% at temperatures above 300 °C, in these two catalysts. All synthesized catalysts possessed a good stability. Analytical characterization of synthesized catalysts were conducted by different methods of temperature programmed reduction, absorption and desorption of nitrogen, temperature programmed desorption of ammonia, X-ray diffraction and diffuse reflectance UV-vis spectroscopy. The less the apparent activation energy is, the more their activity will be. Thus, the Cr/ZSM-5 and V/ZSM-5 catalysts showed the lowest and highest performance in this process, respectively.
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INTROdUCTION
The removal reaction of NO x emissions is a major issue in recent decades to protect the environment 1, 2 . Catalytic reaction of NH3-SCR (Selective catalytic reduction) is shown in the general equation 1 3 . 4NO + 4NH 3 + O 2 → 4N 2 + 6H 2 O ... (1) If along with NO, NO 2 exists in exhaust gas, the process will accelerate through the equation (2) 4 .
2NO + 2NO 2 + 4NH 3 → 4N 2 + 6H 2 O ... (2) Nitrogen oxide emissions from vehicles are done by using the three-way catalysts from platinum family. Catalyst V 2 O 5 / ZrO 2 with calcium promoter was effective in the removal of NO by C 3 H 6 5 2 catalyst has shown that its superiority is largely due to acid sites which depend on the size of vanadium involved in the reaction 17 . Since zeolites have acidic structures, modification of their catalytic properties is carried out by transition metal ions in many chemical reactions. Zeolites as hosts of transition ions with the determined pore sizes inhibit or sinter the growth of nanoparticles of cation at high temperatures. During the last decade, the catalysts based on zeolite indicated a perfect process for this reaction. Cu-Zn / ZSM-5 18 , Cu-Fe / ZSM-5 19 Cu / ZSM-5 20 are among the investigated catalysts which have a high capability for the removal of NO x . The previous studies have mainly focused on the changes of the active component, synthesis and calcination temperature. Therefore, the impact of active component's changes on the nitrogen oxide removal reaction with ammonia reduction and excessive oxygen was studied. Cations selected from the first row transition metals consist of chromium, vanadium, manganese and iron and its base is ZSM-5 zeolite. Catalysts were prepared by ion exchange with chloride salts of the metals. In addition to the reactor test, the apparent activation energy for each of the catalysts has been calculated and then the catalyst characterization analysis has been performed.
RESULTS ANd dISCUSSION

FTIR results
First, in Figure 1 , catalysts containing vanadium, chromium, manganese and iron were compared with each other. Characteristic vibration bands were identified for H-ZSM-5 in the vicinity of wavelengths of 456, 554, 791 and 1100 cm -1 in the sample ZSM-5; the bands of 1100, 791 and 1456cm -1 , were allocated to asymmetric bond stretching O-Si-O, symmetric stretching and vibration bonds T-O, respectively, within the tetrahedral network. In addition, peak in the range of 1547 cm -1 belongs to five double rings in the network [22] [23] . Vibration area location of 790 cm -1 to 802 cm -1 is important in determining the amount of aluminum structure (QFAl) of zeolite.
According to the FTIR spectrum and the õ 2 vibration (about cm-1 790) the value of QFAl (mg Al atoms / g zeolite) was calculated from equation (4) .
In these spectra, the increase in the intensity of the 1100cm -1 absorption band, Si-OT asymmetric stretching vibration band occur simultaneously with transition metals' doped ions; this is a sign to remove aluminum from the zeolite and reduce the amount of QFAl and increase the Si / Al ratio. Changes in catalysts' peaks with precursor of nitric acid were less. Also, the vibrational bands at 1223cm -1 is assigned to the external connections of TO 4 tetrahedrons [24] [25] which was observed in all catalysts. Bands of 1634 cm -1 are assigned to the bending vibration of zeolite water molecules. Two bands of 3226 and 3637 cm -1 are attributed to OH stretching vibration and Bands around 3,600 to 3500 cm -1 belong to the Brønsted acidic conditions 25 . As a result, it is attributed to bonding of the metal ion with OH (M-OH and Al-OH, respectively). A wide Band has appeared in the initial zeolite in this area. Weak Bands in 3750 to 3900 cm -1 related to the end silanol has appeared in all of synthetic catalysts. Absorption bands in 2020 cm -1 in all IR spectrum are resulted from H-Si vibration or silicon impurities in the zeolite's structure [26] [27] [28] . It is expected that polyvanadate stretching vibration in 870 cm -1 and characteristic vibration of V 2 O 5 in 452, 475, 526, 696 and 996 cm -1 appear but none of them were found in the range of the catalyst. A minor shift in the vibrational bands is observed to the zeolite mother, which is a sign of good vanadium distribution on the base. The stretching vibration mode of metal oxygen for the catalysts Mn / ZSM-5 and Fe / ZSM-5 is 623 and 400 to 780 cm -1 , respectively, and overlaps with the vibrations of the zeolite.
As shown in Figure 1 , the slight shift in the bars and a change in their intensity are observed in the catalysts containing Mn, Cr and V compared to zeolite; the results indicate that QFAl in the catalyst increases in the following order. Therefore, the amount of aluminum removal is higher in the presence of chromium and iron.
Temperature programmed reduction
TP R curve is shown in Figure 2 . Profile catalyst Mn / ZSM-5 in less than 570°C indicates four peaks that are mutually overlapping and are centered in 425 and 536°C which is allocated to reduction of MnO 2 to MnO through transmissions of Mn 2 O 3 and Mn 3 O 4 . The peaks compared to the reduction of MnO 2 pure crystals appear at higher temperatures which are due to the high distribution of manganese in the base phase 29 . Peak reduction of Fe 2 O 3 to FeO in the sample Fe / ZSM-5 only indicates a maximum of 390°C.
In the TPR curve of catalyst V / ZSM-5, only a wide peak is observed at 390 to 650°C, which even in comparison with pure pentoxide vanadium, peak reduction has started at higher temperatures. Since the location of metal oxide in different sites, the structures of zeolite on its surface or in meso pores is possible, and ease of metal ions' reduction in each of the positions is different; thus, generally, reduction peaks are not beam and narrow 30 . When the distribution of metal ions in zeolite is high, the connection between two metal ions and the surface occurs after the failure of M-O-M bonds in doped compounds and bond formation with Si or Al zeolite. The formation of new bonds in the structure of zeolite is confirmed with the changes of the location of metal oxide reduction peaks in the synthesis catalyst of the pure metal oxide and vibration displacement of these small bands fewer than 1200cm -1 in the FTIR compared to the higher frequencies in the mother zeolite. Reduction peak at 370 and in 270°C are related to the reduction of Cr 6+ to Cr 3+ in the Cr / ZSM-5 catalyst 31 .
Absorption and desorption of nitrogen
Textural properties of catalyst including specific surface area, micro pore volume, mean size of pore, total pore volume and the external surface are shown in Table 1 . As it is shown, the mean pore size in the mother zeolite is 1.77 nm and vanadium has no effect on the mean pore size. The effect of manganese, chromium and iron (3.6 nm) is negligible. Radii of metal ions doped from 3d row to Al 3+ are near so changes in the pore volume is low. BET surface area of all catalysts to the mother zeolite has decreased, the external surface in the catalyst Mn / ZSM-5 has significantly increased which is a sign is the increased meso positions. This fact corresponds to the location of doped metal oxide on the surface of zeolite and not in the channels and pores, the aluminum ions' migration to external structure and formation of aluminum oxide. Sometimes by the leaching of aluminum from the frame, silicon becomes amorphous so the reduction of Q FAL is possible in the zeolite and this matches the absence of strong acid position in Mn / ZSM-5. Nitrogen's desorption and absorption isotherm curve on all catalysts is of type I, which represents the structure of microspores. Table 2 . According to the Table, unit cell size in the catalysts between increases between 2.3% to 3.7%. Crystallinity of catalysts was calculated according to XRD using the main line 23.9; the results show that the crystallinity of Cr / ZSM-5 increases when comparing with mother zeolite. This means that some of the atoms of Si or Al have been transformed into crystalline form from the amorphous initial compounds. Decrease in crystallinity in other catalysts is due to the leaching of the aluminum to the external sides of the structure and the filling of the pores by silica.
Thermal programmed desorption of ammonia
Two peaks are mainly observed in zeolites; one at a low temperature and the other at a high temperature in NH3-TPD. Since the zeolite sample is acidic and possess high crystallinity, the number of molecules of ammonia desorbed at high temperature are proportional to the number of atoms of aluminum in zeolites. Ammonia which is desorbed at low temperatures, is mainly absorbed on metal cation, while in H form or shape of the acidic zeolite, NH3 is absorbed on Bronsted acid sites and NH 4 + . The driving force behind this kind of absorption is mainly based on the electrostatic interactions between the sites of ion exchange and N-H bonds. The interaction of water molecules with such status (hydrogen bonding) is stronger than the interaction of ammonia, because the polarity of O-H in water is more than N-H of Ammonia, so this type of ammonia are replaced with water. Thus, low temperature peak has no solid acidic properties on the H zeolite. In other words, the ammonia that remains after the water evaporation must interact with acidic sites, because the amount of ammonia is more than water. While ammonia is absorbed on the Brønsted acid sites, it can also absorb on the sites of Al or Al outside the structure of zeolites. When the ammonia is adsorbed on the solid acid (ions with high loads and low beam) due to the strong interaction at a higher temperature desorption is occurred; so in the catalyst containing +Cr6, we expect the high temperature desorption peak to have more intensity. Figure 4 . indicates the analysis Chart of TPD-NH 3 catalyst containing chromium, vanadium, manganese and iron; these catalysts showed three acidic positions of weak, average and strong. Strong acidic sites -higher than ° C300-are observed in the catalyst having vanadium and chromium and zeolite and desorption peaks in the other catalyst is observed in the range of 150 to 180° C. Accordingly, there wasn't any strong acidic site in Mn / ZSM-5, while in the V / ZSM-5 weak acid positions were disappeared and the number of very strong acid sites increased. Fe / ZSM-5 consists of two overlapping peaks, and is placed in the weak acidic and relatively strong acidic positions and Cr / ZSM-5 catalyst contains weak, moderate, strong and very strong positions.
UV spectrum (dRS-UV-Vis)
The solid state UV Spectrum (reflective penetration) catalysts of M / ZSM-5 (M = V, Cr, Mn, Fe) are shown in Figure 5 . In the catalyst V / ZSM-5, the location of transfer band's load of oxygen and vanadium depend on the number of oxygen around central vanadium ion atoms (symmetry). Several arrangements are possible for VO x . If the VO x is tetrahedral, the absorption band appears in 240 nm, while for the arrangements of square pyramid and octahedron, absorption is expected in 340 and 410 nm respectively. Based on the spectrum of sample V/ZSM-5, most of the VO x varieties are distorted in the tetragonal symmetry (band around 256 nm) 33 .
Two types of electron capture are seen in the catalyst Fe / ZSM-5; the first one in the region of 400 to 600 nm with maximum is attributed to 554 nm the ligand field 
Reactor test of M / zSM-5 Catalysts
The activities of M / ZSM-5 (M = Mn, V, Cr, Fe) catalysts at 200 to 360°C is shown in Figure 6 for removing reactions of NO. A chromium catalyst is not appropriate for this reaction and the increase in temperature of all catalysts causes an increase in their activity, then they reach to a maximum. Only the catalyst Fe / ZSM-5 indicates a mild negative change in slope, after reaching a maximum of 97% in 250 °C. Table 3 shows the apparent activation energy of the reaction by varying the temperature from 200 to 400 ° C. Two catalysts of Mn /ZSM-5 and V/ ZSM-5 have had the lowest activation energy and the highest activation energy. Value of the apparent activation energy on HZSM-5 (55kJ / mol) is much less (38) , but with the values of 2.7 to 9 kJ / mol, it has allocated higher amounts compared with other researches (39) .
According to Figure 7 . Catalysts were stable for 24 hours at a constant temperature of 360°C; the best results belong to catalysts containing iron or vanadium.
Experimental section Preparation of catalyst
The ZSM-5 zeolite was purchased from Zeolyst Co. with the SiO 2 /Al 2 O 3 ratio of 40 with an area of 348 m 2 /g. The zeolite was then added to a 0.2M saline solution of manganese-, chromium-, vanadium-, or iron chloride. The slurry was stirred for 15 minutes, then transferred to a static reactor of acetyl with a Teflon coating, and finally placed in a 60°C oven for two hours. The resulting sample was washed with deionized water, dried in an oven at 150°C for 12 hours, and calcinated in a furnace at 480°C for 4 hours. The furnace's temperature elevation rate was 3°C/min. 
Characterization of the catalyst
The surface area, total pore volume, external surface area, the volume of micropores, and the mean size of pores were measured through the nitrogen absorption and desorption isotherm at 77 K within the relative pressure range (P/P 0 ) of 0.04-0.99 using a nitrogen absorption analyzer, the Quantochrom Nova 2000. Before measurement, all of the samples were degasified for three hours at 150°C for 3 hours. The area of the total surface area and the external surface was obtained using the BET method and t-method, respectively. The total volume of the pores was obtained from the volume of the desorbed nitrogen at the relative pressure of 0.99. The mean size of the pores was also determined based on the desorption data using the BJH method.
The x-ray diffraction pattern(XRD) of the samples was recorded with a Philips diffractometer, using CuKá radiation (ë= 1.54050 Å) within the angle range of 2è from 4 to 89°, followed by identification of the crystal phase using the files of the Joint Committee on Powder Diffraction Standards (JCPDS). The Scherer equation was used to obtain the size of the crystals. Based on the distance between the lines and the orthorhombic crystal structure in the ZSM-5 zeolite as the main phase, the dimensions of the unit cell and its volume were calculated.
The temperature-programmed reduction (TPR) and ammonium temperature-programmed desorption tests were carried out using a BELCAT A with a TCD detector; its heating rate was programmable within the range of 25 to 1000°C. For the TPR test, around 50 mg of the samples was heated in an argon atmosphere with the flow rate of 50 cm 3 g -1 for two hours at 150°C. Next, the temperature was raised from 150 to 800°C under a flow of 5% of H 2 in Ar with the same flow rate of 50 cm . Then it was fully reduced at this temperature.
In order to determine the number of acidic sites and the acidic power of the catalysts, TPD-NH 3 analysis was performed on each catalyst. First, about 100 mg of the sample was heated in a helium atmosphere with a flow rate of 50 cm -3 g -1 for one hour at 300°C. Next, it was cooled down to 60°C, and then saturated with ammonium for one hour under the flow of 2.5%NH 3 /He. Finally, physically absorbed ammonium desorption was carried out by first passing helium over the catalyst surface for 30 min, then by increasing the temperature at a rate of 10°C min -1 to 700°C, causing the desorption to occur.
To study the influence of electron transfer, the diffuse reflectance UV-visible spectroscopy (Shimadzu Company) was used.
To identify the structural vibrations, the level of crystallinity of the structure, and the amount of aluminum available within the hydrated zeolite framework (Q FAL ), FTIR analysis was used. The level of crystallinity for the zeolites with an MFI structure was calculated by the following equation (1): %Crystallinity from IR=(I_540/I_450 *100)/0.72 ... (4) The FTIR analyzer device, Bruker Vertex 80 model, was equipped with a MCT-NB mercury cryogenic detector.
Catalyst efficiency test
The catalyst activity test was carried out on 2g of the catalyst by a selective catalytic reduction (SCR) reaction of nitrogen oxide in the presence of ammonia and excessive oxygen on an Inconel-800 fixed bed reactor with an internal diameter of 9mm. The feed compound contained 2.6% O 2 , 350 ppm NH 3 , 350 ppm NO, with the remaining balance being nitrogen. The gas hourly space velocity (GHSV) was 30000 h -1 and the conversion percentage was determined using a gas analyzer, the Testo 340, as a function of time and temperature (200 to 400°C). The catalytic activity was calculated using equation (1) : NO x conversion = (inlet NO x (ppm) " outlet NO x (ppm) ×100) /inlet NOx (ppm)
... (5) Calculation of the activation energy was conducted using the Arrhenius relation at a low temperature.
